It is found that the ages of the most metal-poor Galactic globular clusters are probably 
A less ambitious approach is to derive a minimum age of the Universe from the ages of the most ancient individual stars and clusters in the Galaxy. Due to possible second parameter effects, the most reliable ages of old Galactic globular clusters are probably derived by using calibrations based on Galactic RR Lyrae variables that have halo kinematics. Only weak constraints on the age and evolution of the Universe are provided by radioactive age dating of the elements, which is sometimes referred to as cosmochronology. Possible problems with the Cepheid PeriodLuminosity relation and with distances of supernovae of type Ia will also be discussed.
DISTANCE OF THE LMC
The distance to the Large Magellanic Cloud affects estimates of the age of the Universe in two ways. In the first place, values of H (and, hence, the age of the Universe t ) determined o o via observations of Cepheids in the Virgo Cluster , Freedman et al. 1994 were calibrated using an LMC distance of 50 Mpc, corresponding to a true distance modulus (m-M) = 18.49. An increase in the distance to the Large Cloud would decrease H and o o therefore increase t . Secondly, the distance to the LMC might be used to set the luminosities o of RR Lyrae stars, which in turn determine the evolutionary ages calculated for globular clusters.
Unfortunately, the distance to the Large Cloud remains controversial. From multi-color photometry of Cepheids, Laney & Stobie (1992) find a true LMC distance modulus (m-M) = 18.57 ± 0.04. This is consistent with work by Gieren, Barnes & Moffet (1993) and by o Gieren, Richtler & Hilker (1994) calibration of the luminosities of halo RR Lyrae stars is applied to the cluster-type variables (Walker 1992) in the Large Cloud.
Could this discrepancy be due to the effects of metallicity on the luminosities of Cepheids? In other words, could the Galactic Period-Luminosity relation be giving the wrong distance for Cepheids in the Large Cloud? Assuming [Fe/H] = -0.3 (Z = 0.009) for young stars in the LMC (Spite & Spite 1991) , in conjunction with ªY / ª Z = 3, and Y (primordial) = 0.228 (Pagel 1992) , the classical evolutionary models of Chiosi et al. (1993) yield a Period-Luminosity relation for the Large Cloud that is only 0.01 mag brighter for 10-day Cepheids than it is for similar objects in the Galaxy. This indicates that there is presently no reason to suspect that the Cepheid Period-Luminosity relation for the LMC gives a distance modulus that is seriously in error. Apparent confirmation of this conclusion is provided by Gould (1995) Walker's (1992) observations of the Cluster-type variables in the LMC.
Hydrodynamic pulsation models for three RRc stars in the LMC (Simon & Clement 1993) , when matched to the pulsation period P and Fourier phase parameter n , yield 
AGES OF GLOBULAR CLUSTERS
The ages calculated for globular clusters depend on both the input physics and on the adopted magnitudes for the cluster horizontal branches i.e. M (RR). Recently, Chaboyer V (1995) has discussed the uncertainties in cluster ages that result from reasonable changes in (1) the mixing length, (2) color transformations, (3) model atmospheres, (4) opacities, (5) convective overshooting, (6) nuclear reaction rates, (7) helium diffusion, (8) 
AGE OF THE GALACTIC DISK
Giant molecular clouds eventually destroy most open clusters in the Galactic disk. As a result, the number of clusters that survive for a long period of time is expected to be quite small.
Among the oldest known disk clusters are NGC 6791 and NGC 188. For NGC 188, Dinescu et al. (1995) derive an age of Gyr. From a comparison of color-magnitude diagrams, Kaluzny & Rucinski (1995) find that NGC 6791 is 1 Gyr older than NGC 188. On the other hand, Tripicco et al. (1995) find an age of 10.0 ± 0.5 Gyr for this cluster. The age of the oldest known open cluster is therefore 7 -10 Gyr.
Since even older open clusters might exist, this value represents a lower limit to the age of the Galactic disk.
White dwarfs that formed from the first generation of Galactic disk stars have not yet had time to cool and fade into invisibility. As a result, the white dwarf luminosity function has written into it the age and star formation history of the Galactic disk (Wood 1992) . Using the -7 -best current inputs, Wood derives a disk age of 7.5 Gyr to 11 Gyr. Xu and Van Horn (1992) find that taking the energy release associated with O/C, Fe/C and Ne/C phase transitions in predominantly C white dwarfs into account will increase the maximum age of the Galactic disk near the sun to ~ 13 Gyr. On the other hand, models for white dwarfs that are covered by a thick layer of hydrogen are found (Wood -private communication) to be 1 Gyr to 1. for the oldest and most metal deficient halo globular clusters.
COSMOCHRONOLOGY
Nuclear cosmochronology uses measurements of the ratios of long-lived isotopes such as Re, Th, U and U, in conjunction with calculations of the initial production ratios of 187 232 238 235 such elements, to calculate the age of the elements in the Galaxy. In general, such calculations require models for the evolution of the rate of star formation in addition to the nuclear input parameters. A very detailed review of these problems has been given by Cowan, Thielemann & Truran (1991) who conclude that presently available observational constraints favor a Galactic age in the range of 10 -20 Gyr.
THE HUBBLE PARAMETER
The Hubble parameter H has dimension t and therefore provides important constraints known that such a low value is strongly contradicted by the ages of the oldest globular clusters and weakly contradicted by cosmochronology.
GRAVITATIONAL LENSES
The time delay between brightness variations of the components of a gravitational lens may be used, in conjunction with a model for the mass distribution surrounding the lensing object, to derive a value for the Hubble parameter. -10 -
b. Supernovae of Type Ia
In recent years, a number of authors have used SNe Ia in attempts to calibrate the extragalactic distance scale. Such distance determinations are ultimately based on (1) the luminosity calibration of a few relatively nearby SNe Ia, and (2) the assumption that supernovae of type Ia are good "standard candles"; or at least on the hypothesis that a sub-set of SNe Ia can be found which are standard candles.
Because supernovae of type Ia are so luminous, they would, if they were good standard candles, be almost ideal distance indicators. However, observations collected during the last decade clearly show that SNe Ia are not all identical and that some of them have luminosities that deviate significantly from the mean. For example, SN 1957B and SN 1991bg, which both occurred in the (dust free) elliptical galaxy M 84, had luminosities at maximum light that differed by ª B (max) 2.4 mag. Hamuy et al. (1994) show that ¼ to ½ of all SNe Ia per unit volume may be subluminous objects resembling SN 1991bg and SN 1992K. However, such intrinsically faint supernovae will be under-represented in magnitude-limited supernova searches.
Attempts to use SNe Ia as standard candles have followed two alternate paths. Branch, Fisher & Nugent (1993) have used photometric and spectroscope data in an attempt to weed out subluminous and (or) peculiar SNe Ia. However, the work done by Maza et al. (1994) shows that even apparently normal supernovae can differ in luminosity by as much as 0.8 mag.
Alternatively, Phillips (1993) has attempted to fit all SNe Ia to a single maximum magnitude versus rate of decline relation. The usefulness of such a relation depends on the residual intrinsic dispersion of individual SNe Ia about the adopted maximum magnitude versus rate-of-decline relationship. The fact that SN 1885 (S And), which was probably an SN Ia, deviates significantly from the relation adopted by Phillips (1993) is clearly a source of concern. Riess, -11 -Press & Kirshner (1995) find that they can reduce the dispersion in the distances calculated for SNe Ia to 0.2 mag by considering not just the rate of decline, but the entire shape of the supernova light curve within three weeks of maximum light. It will be interesting to see how this approach holds up once a larger set of supernova observations becomes available.
Recently, Höflich & Khokholov (1995) suggest that SNe Ia yield a lower value of the Hubble parameter than do most other techniques.
-13 -Alternatively, one might assume that the SNe Ia in IC 4182 and NGC 5253 were of aboveaverage luminosity at maximum light. Although ad hoc this suggestion is not entirely unreasonable. Branch & van den Bergh (1993) found that the expansion velocities of SNe Ia in galaxies that contain a young stellar population tend to be higher than those of SNe Ia that occur in galaxies in which the dominant stellar population is old. Furthermore, Hamuy et al. (1995) find that "galaxies having a younger population appear to host the most luminous events corresponding to the most massive progenitors". Such a bias would lower the value of H derived o from IC 4182 and NGC 5253. An additional source of uncertainty is that neither the slope, nor the intrinsic dispersion, of the maximum magnitude versus rate of decline relation corrections (which need to be applied to SN 1895B, SN 1937C and SN 1972E) are well determined.
AGES OF ELLIPTICAL GALAXIES
Recently, Oke, Gunn & Hoessel (1995) have observed the spectral energy distribution of the nearby giant elliptical NGC 4889. From a comparison of their observations with the evolutionary tracks of Bruzual & Charlot (1993) , these authors conclude that the dominant stellar population in this object has an age of 14 ± 2 Gyr. Allowing a period of ~ 1 Gyr for assembly of giant ellipticals and the formation of the bulk of their stars, this gives an age of the Universe to . 15 ± 2 Gyr. It is of particular interest to note that Oke et al. find a much younger age of 4 -8
Gyr for the giant elliptical galaxies in eight distant clusters at a redshift z = 0.5 Unfortunately, such age determinations of distant galaxies are not yet sufficiently accurate to place meaningful constraints on cosmological models.
SUMMARY AND CONCLUSIONS
The Large Magellanic Cloud is perhaps the most crucial stepping stone along the difficult path that ultimately leads to the calibration of the extragalactic distance scale. It is therefore This value is consistent with both cosmochronology and with white dwarf ages in the Galactic disk.
From two independent observations , Freedman et al. 1994 These authors find that H measured globally is constant to ± 7% for 3000 < V (km s ) < 15000. 
